INTRODUCTION {#sec1-1}
============

The prevalence of chronic periodontal disease/periodontitis (CPD) and type 2 diabetes mellitus (T2DM) is high, and the association of these two as risk factors influencing each other has been recognized and documented.\[[@ref1]\] Chapple and Genco, and on behalf of working Group 2 of the joint EFP/AAP workshop have stated that periodontal disease impacts diabetes control.\[[@ref1]\]

Chronic periodontal disease may induce or perpetuate an elevated systemic chronic inflammatory state\[[@ref2]\] and may also result in increased insulin resistance and poor glycemic control.\[[@ref3]\] Treatment that reduces periodontal inflammation may restore insulin sensitivity, resulting in improved metabolic control. It is possible that CPD may serve as an initiator or propagator of insulin resistance, thereby, aggravating glycemic control. The literature has suggested that periodontal treatment in T2DM patients with CPD may lead to improved diabetic control as measured by serum glycosylated hemoglobin (HbA1C) levels.\[[@ref4][@ref5][@ref6]\] These data are consistent with the hypothesis that hyperglycemia contributes to an increased inflammatory response, and suggest a proinflammatory mechanism to account for the observed associations between poor glycemic control and CPD, and the concept that untreated CPD hinders efforts to improve glycemic control.

Chronic periodontal disease and T2DM may share common inflammatory pathogenic pathways which result in increased susceptibility to both diseases, and both can be considered as distressed responses of the immune system to environmental events on a predisposed host. For example, the inflammatory cytokines tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) contribute significantly to the pathogenesis of insulin resistance and development of DM via a number of direct and indirect pathways.\[[@ref7]\] Thus, TNF-α and IL-6 inhibit pathways which mediate insulin signaling, but also have indirect effects via an increase in nonesterified fatty acids which in turn inhibit insulin action.\[[@ref8]\]

Given the importance of cytokines such as TNF-α and IL-6 in both CPD and diabetes, it is important that more studies need to investigate the role of other systemic cytokines in T2DM subjects with CPD. In general, studies to date have focused on IL-1β, IL-6, and TNF-α, amongst others.

Interleukin-10 has long been recognized to have potent and broad-spectrum anti-inflammatory activity, which has been unequivocally established in various models of infection, inflammation, and even in cancer.\[[@ref9]\] IL-10 is a fascinating cytokine first identified by its ability to stop the immune response by inhibiting the production of a number of cytokines.\[[@ref10]\] IL-10 was originally identified by Fiorentino *et al*., and due to its suppressor and inhibitor ability, IL-10 was first called a cytokine synthesis inhibitory factor.\[[@ref11][@ref12]\] IL-10 also plays a role in proliferation and differentiation of B cells, T cells, and mast cells.

Based on its immunomodulating functions, IL-10 has been considered an attractive candidate for therapeutic applications for treatment of acute and chronic inflammation, autoimmunity, cancer, and infectious disease.\[[@ref13]\]

Interleukin-10 is type 2 cytokine and the "founding" member of a family of cytokines that include IL-19, IL-20, IL-22, IL-24, IL-26, IL-28, and IL-29.\[[@ref14]\] All of these cytokines have similar intron -- exon genomic organization, bind to receptors with similar structures and in some cases shared components,\[[@ref15]\] and all activate Janus kinase/signal transducer and activator of transcription (STAT) signaling pathways. Despite these commonalities, the cytokines in this family have very different biological activities, which are largely determined by the cells producing the cytokine, the cells responding to them, and the immune environment in which they are released. More detailed descriptions of each of these individual cytokines can be found in the literature.\[[@ref16]\]

To the best of knowledge, not many studies have reported the effect of scaling and root planing (SRP) on glycemic control including an evaluation of systemic cytokines like IL-10 in T2DM.

Hence, this study aimed to investigate the effect of SRP of patients with CPD and T2DM patients having CPD on glycemic control and the serum levels of IL-10 in these patients.

MATERIALS AND METHODS {#sec1-2}
=====================

Forty-five subjects including healthy volunteers and patients visiting the Department of Periodontics and the Department of General Medicine of the associated hospital, as outpatients were recruited in this study. The study was conducted in full accordance with the ethical principles of the institution\'s ethical committee. Study purposes and procedures were fully explained to the participants, and written informed consent was obtained from all of them.

The inclusion criteria were age range of 30--55 years; minimum of 20 teeth; patients diagnosed with T2DM for at least over 1-year; random (casual) blood sugar (RBS) \>200 mg/dl and HbA1C ≥7%; not smoking; body mass index (BMI) \<30; total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and triglycerides within normal limits.

The exclusion criteria were pregnancy; immunosuppressed subjects; any condition requiring prophylactic antibiotics prior to dental treatment; on any antibiotics; any medical condition that could compromise safe participation in the study; any subject/patient who has undergone nonsurgical therapy for CPD in the last 3 months.

The subjects were divided into three groups. Each group containing 15 subjects were as follows:

Group 1 (healthy controls) comprised of subjects who were nondiabetic, systemically and periodontally healthy, Group 2 (CPD) included patients who were diagnosed with moderate-severe pocket depths and were nondiabetic and systemically healthy, Group 3 (T2DM with CPD) contained patients diagnosed as T2DM (RBS \>200 mg/dl and HbA1C ≥7%), with moderate-severe CPD. Moderate-severe CPD was defined as at least 4 teeth with probing depths ≥ 5 mm, together with attachment loss (AL) and alveolar bone loss as evidenced in prescribed radiographs. These patients were on oral hypoglycemic drugs or insulin, with no change in their T2DM treatment in the past 6 months without any major diabetic complications.

At screening, all groups received a full periodontal examination: Plaque index (PlI),\[[@ref17]\] gingival index (GI),\[[@ref18]\] probing pocket depths (PPD), clinical AL, bleeding on probing (BoP) using the sulcus bleeding index\[[@ref19]\] and measurement of BMI. Radiographs were obtained as clinically indicated, and clinical and radiographic examinations were used to confirm the periodontal diagnosis.

Blood samples were obtained at screening. Total cholesterol, HDL, LDL, and triglycerides were measured. RBS was evaluated using Infinite STAT Glucose (Accurex Biomedicals Pvt. Ltd., New Delhi, India). Glycemic control was assessed by measuring HbA1C levels using NycoCard^®^ HbA1C test kit (Axis-Shield, Oslo, Norway). Serum IL-10 was measured using a commercially available ELISA kit (Krishgen BioSystems, Mumbai, India). Following screening, SRP was performed on Groups 2 and 3 patients. The patients were recalled once a month after treatment for routine periodontal examinations and supplementary oral prophylaxes. None of the subjects were prescribed any chemical plaque controlling agent or any antibiotic.

Blood samples were again obtained at month 6, and RBS, HbA1C, and serum IL-10 was measured.

Statistical analysis {#sec2-1}
--------------------

Based on our pilot study, a sample of 15 subjects/patients for each group was estimated to achieve a 95% power with an error of 5% in each of the groups. The Kolmogorov-Smirnov and Shapiro-Wilk tests were first performed to assess for normality of distribution of all the variables in all the groups. Having found a normal distribution, parametric tests were applied for the comparison of the variables which included one-way ANOVA for comparing all the variables between the three groups at baseline and at 6 months, Tukey\'s multiple *post-hoc* procedures for multiple comparisons and the pairwise comparison of the variables for each group using the *t*-test. The Karl Pearson\'s correlation coefficient was used to analyze for correlations. A multiple step-wise regression analysis was done to establish a relationship between IL-10, HbA1C, and clinical variables.

The statistical significance was set at *P* \< 0.05. Data were analyzed using computer software, statistical package for social sciences (SPSS) 20 (SPSS Inc., Chicago, IL, USA).

RESULTS {#sec1-3}
=======

Participants in the three groups were aged between 30 and 55 years with an average age being 40.8 years. The mean values of all the variables of the three groups at baseline and after SRP at 6 months were expressed as mean ± standard deviations \[[Table 1](#T1){ref-type="table"}\].

###### 

Mean±SD values of the Pl, GI, BoP, PPD, AL, HbA1c, RBS, and IL-10 in the three groups at baseline and 6 months

![](JISP-19-188-g001)

Interleukin-10 was detected (pg/ml) in all the three groups, lowest (10.50 ± 0.61) in Group 2 patients (CPD) at baseline, and highest (15.52 ± 1.29) in Group 3 patients (T2DM with CPD) after SRP at 6 months.

The one-way ANOVA showed a statistical significance for PlI, GI, BoP, PPD, AL, HbA1C, RBS, and IL-10 at baseline and 6 months between the three groups \[[Table 2](#T2){ref-type="table"}\].

###### 

Results of one-way ANOVA between the three groups for all the variables at baseline and 6 months

![](JISP-19-188-g002)

Tukey\'s multiple *post-hoc* procedure of all variables of each group against the other at baseline and at 6 months showed statistical significance except for PlI, BoP, and PPD at baseline and PPD at 6 months between Groups 2 and 3, RBS at baseline and 6 months between Groups 1 and 2. [Table 3](#T3){ref-type="table"} illustrates the *post-hoc* procedure with regard to HbA1C.

###### 

Tukey\'s multiple *post-hoc* test for comparison of the three groups against each other with respect to HbA1c

![](JISP-19-188-g003)

The paired samples *t*-test in Group 2 showed GI, PPD and AL to be statistically significant, and in Group 3, only PPD and AL were statistically significant \[[Table 4](#T4){ref-type="table"}\].

###### 

Paired sample test of the variables in groups 1, 2, and 3 at baseline and 6 months

![](JISP-19-188-g004)

A statistically significant positive correlation of GI, BoP, PPD, and HbA1C with IL-10 levels at 6 months was observed in Group 2. A similar positive correlation was observed between PPD and HbA1C, BoP and IL-10, respectively, at 6 months in Group 3.

The multiple step-wise regression analysis with IL-10 and HbA1c used as dependent variables as against the other variables such as GI, PlI, BoP, PPD, and AL as independent variables, revealed statistically significant results for Group 3 after SRP at 6 months which was the predictability of the reduction of HbA1C by 32.5% with decrease in PPD (R^2^ = 0.325), and by 48.6% with decrease in GI (R^2^ = of 0.486), and an increase in IL-10 levels by 48.8% with reduction in BoP (R^2^ = 0.488) \[Tables [5](#T5){ref-type="table"}--[7](#T7){ref-type="table"}\].

###### 

Step-wise regression analysis for HbA1c and PPD for group 3 at 6 months

![](JISP-19-188-g005)

###### 

Step-wise regression analysis for HbA1C and GI for group 3 at 6 months

![](JISP-19-188-g006)

###### 

Step-wise regression analysis for IL-10 and BoP for group 3 at 6 months

![](JISP-19-188-g007)

DISCUSSION {#sec1-4}
==========

Severe periodontitis is associated with increased HbA1C in individuals with and without type 2 diabetes. In people without diabetes, progression of periodontitis over 5--10 years was associated with increasing HbA1C and impaired glucose tolerance.\[[@ref1]\] Those with periodontitis at baseline and demonstrating periodontal disease progression had a larger HbA1C increase than those without periodontitis over a 5-year period (0.143% vs. 0.005%), and there is evidence that periodontitis in nondiabetics increases systemic levels of inflammatory mediators.\[[@ref1]\]

This study evaluated the effect of SRP on glycemic control and the serum IL-10 levels. The results of this study show that nonsurgical periodontal treatment in the form of SRP of patients with chronic periodontitis and T2DM patients with periodontal disease are associated with significant improvement in their periodontal clinical parameters and glycemic control after 6 months. All the T2DM patients were on oral hypoglycemic agents and/or insulin regimen as prescribed by their physician or endocrinologist.

One-way ANOVA showed statistical significance with regard to all the variables between the groups. The SRP procedure on the two intervention groups, that is, Groups 2 and 3 showed statistically significant improvement in PlI, GI, PPD, and BoP at baseline and posttreatment at 6 months. The amount of gingival recession increased slightly in Group 3 after treatment, which can be attributed as a posttreatment consequence. PPD reduction after treatment when compared between Groups 2 and 3 were statistically not significant, but the reduction was significant when both these groups were compared to the PPD at baseline and in comparison with the healthy control subjects of Group 1.

Although several investigators\[[@ref20][@ref21][@ref22]\] have reported that periodontal intervention does not show an improved glycemic control in T2DM patients with chronic periodontitis, this study revealed an observable improvement in the glycemic status of the T2DM subjects with chronic periodontitis. This is in agreement with studies by Stewart *et al*.,\[[@ref4]\] Kiran *et al*.,\[[@ref5]\] Jones *et al*.,\[[@ref6]\] Singh *et al*.,\[[@ref23]\] and other studies.\[[@ref24][@ref25][@ref26][@ref27]\]

In this study, antibiotics were not used as an adjunctive to nonsurgical periodontal disease treatment. Administration of antibiotics, especially systemic, can lead to controversial results regarding HbA1C, because they may affect other systemic sources of infection/inflammation, and potential reduction in HbA1C levels cannot be solely attributed to the local reduction in the infectious/inflammatory periodontal burden.\[[@ref27]\] It has been accepted that HbA1C is affected by systemic inflammation.\[[@ref28][@ref29]\] Periodontal inflammation can result in increased levels of pro-inflammatory cytokines in the systemic circulation. Koromantzos *et al*.,\[[@ref27]\] state that because the resolution of inflammation from the periodontal tissues as a result of periodontal disease treatment is a prerequisite for reducing the levels of HbA1C, patients with mild or no periodontal disease cannot be expected to exhibit a significant decrease in HbA1C after periodontal disease treatment. Taking this into account, only patients with moderate-to-severe periodontal disease as defined by probing depths ≥5 mm, together with AL and radiographic evidence of alveolar bone loss were included in this study. HbA1C was shown to be statistically significant between all groups at baseline and 6 months. HbA1C concentrations at 6 months correlated with improved PPD at 6 months in Group 3. The clinical effectiveness of nonsurgical periodontal disease treatment is shown in this study through the significant improvement of all periodontal parameters being consistent with the HbA1C improvement at baseline and posttreatment after 6 months in patients with T2DM with chronic periodontitis. Hyperglycemia was reduced in this group after SRP at 6 months. The multiple step-wise regression analysis in this study showed that the variation in the HbA1C concentration in Group 3 patients was influenced by PPD and GI by 32.5% and 48.6%, respectively, after SRP at 6 months.

The biologic rationale and the mechanisms underlying the effect that periodontal treatment has on glycemic control and chronic inflammation are not clarified completely, but there is evidence to support the hypothesis that resolution of inflammation from the periodontal tissues has a favorable effect on HbA1C levels.

Random blood sugar was observed to be statistical significant at baseline and 6 months between the groups. In Group 2, RBS at baseline correlated with PlI at 6 months, GI at baseline, BoP at baseline, and HbA1C at 6 months and in Group 3 RBS at baseline correlated with PPD at baseline with RBS at 6 months correlating with PlI at baseline and HbA1C at 6 months.

Interleukin-10 was chosen in this study for its potent anti-inflammatory characteristics.\[[@ref30]\] The objective was only to estimate its levels at baseline and posttreatment at 6 months in the two intervention groups. This study did not plan to explain the role of IL-10 and its behavior with other proinflammatory and anti-inflammatory cytokines. A significant difference in the serum IL-10 levels was observed between Groups 1-3 at baseline. A comparison of IL-10 levels at 6 months for Groups 1 and 2, and for Groups 1 and 3 was also significant. Although there was a change in the levels of serum IL-10 at baseline and 6 months for Groups 2 and 3, it was not statistically significant.

Correa *et al*.,\[[@ref31]\] in their study concluded that nonsurgical periodontal therapy tended to reduce systemic inflammation and the concentration of some circulating cytokines. In their results, all clinical parameters were significantly improved 3 months after the periodontal therapy. The univariate comparison employed by them showed a tendency toward a decrease of the measured biomarkers, most pronounced for TNF-α and fibrinogen (FIB), after therapy. Furthermore, in their investigation, the median value of IL-10 was 11.9 pg/ml at baseline and 8.6 pg/ml after 3 months posttherapy. This was not statistically significant and the present study showed the mean IL-10 levels in Groups 2 and 3 to be 10.50 pg/ml and 11.35 pg/ml, respectively, at baseline and 14.14 pg/ml and 15.52 pg/ml, respectively, after treatment at 6 months. Passoja *et al*.,\[[@ref32]\] reported that IL-10 levels were higher in healthy controls as compared with chronic periodontitis patients and that a negative association exists between the serum level of IL-10 and the extent of BoP, PPD, and AL. They also proposed that the level of IL-10 was indicative of a dose-dependent association with chronic periodontitis. The lower level of IL-10 in aggressive periodontitis has been reported by Mattuella *et al*.\[[@ref33]\] The inter-subject variability could also be one of the reasons for such a variation in the estimation of IL-10 in the studies.

In this study, serum IL-10 levels at 6 months correlated with GI at 6 months, BoP at 6 months, PPD at 6 months, AL at baseline and 6 months and HbA1C at 6 months in Group 2. In Group 3, serum IL-10 levels at baseline and 6 months correlated with BoP at 6 months. This can be interpreted as an increase in the IL-10 levels with a decrease in BoP after SRP, thus attributing an anti-inflammatory role of IL-10,\[[@ref9]\] and also in concurrence with Passoja *et al*.\[[@ref32]\] However, IL-10 levels at 6 months correlated with HbA1C at 6 months in Group 2 only.

This study was able to estimate the serum IL-10 level at baseline and 6 months after therapy in patients having chronic periodontitis and in T2DM patients with chronic periodontitis. The multiple step-wise regression analysis in this study showed that the variation in IL-10 levels in Group 3 patients was influenced by BoP by 48.8%, respectively, after SRP at 6 months.

As mentioned by Chapple and Genco,\[[@ref1]\] there is evidence for change in systemic cytokine levels in nondiabetics with chronic periodontitis, and whether this occurs in diabetic patients remains to be clarified. The present study to a certain extent clarified this by providing evidence that serum IL-10 levels differ in T2DM subjects with chronic periodontitis before and after SRP. The present study has also shown that there is a positive outcome of SRP on glycemic control in T2DM patients with chronic periodontitis.

CONCLUSION {#sec1-5}
==========

The aim of this study was to evaluate the effect of SRP on T2DM patients with CPD on glycemic control and the levels of serum IL-10. The results of the study indicate that SRP is effective on glycemic control and also has a role to play in the level of systemic IL-10 in periodontal health and disease and T2DM with CPD. The levels of IL-10 is indicative of its anti-inflammatory role.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
